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Performance tests were conducted on two new H915Aradiators to

develop requirements needed for solicitation of flew materiel sources.
These requirements were not previously available to TACOM and due to

the lack of M915 radiators in the Army Supply System, a need was warranted
for requirement testing and developn5:£;>

Testing was conducted in-house at TACOM's air flow lab facility, in
a joint effort between AMSTA-RGD and AMSTA-TBM, during the months of

April and May 1990.
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1.0. INTRODUCTION

This report describes the cooling test program of the M915 tractor truck
radiator which was conducted to develop the performance requirements
needed for campetitive procurement. The test requirements and report
were developed by the Transmissions and Integration Branch of the
Propulsion Systems Division, U.S. Ammy Tank-Autamotive Cammand (TACOM) .

2.6. OBJECTIVE

The primary objective of this program was to conduct cooling performance
testing of two new radiators to develop performance requirements for
inclusion onto a level-3 drawing to be used for competitive procurement.

3.0. CONCLUSIONS

3.1. The heat rejection for the power pack is approximately 16,650
BTU/min (16,250 BTU/min for engine, 40@¢ BTU/min for tranamission and
other camponents) (see Appendix A). This radiator was able to meet the
cooling requirement for each test run, based on test derivation fram
MIL~R-45306C.

4.0. RECOMMENDATIONS

4.1. Use the test data as performance criteria and cambine with other
standard radiator requirements for incorporation into a M915 radiator
level-3 drawing (see Appendix B).

4.2. Perform similar testing on all other military radiators without
government-owned TDPs to develop individual radiator performance
requirements. This would preclude shortage problams arising fram sole-
source acquisition. '

4.3. Establish an improved quality inspection procedure for the
radiators either at the manufacturer's facilities or upon arrival at

Amy depots.

5.0. DISCUSSION

5.1. Background

The lack of radiators in the Ammy Supply System and the delays in
delivery fram the sole-source supplier created a need to investigate
additional sources. In order to solicit additional sources, radiator
performance requirements were needed. The absence of a govermment-owned
Technical Data Package (TDP) brought about this investigation to develop
performance requirements for the subject radiator.




The performance testing was conducted at TACOM's Air Flow Laboratory fram
april 1996 through May 1990.

5.2. Scope and Limitations

The wnavailability of radiators in the Army Supply System limited the amount

of samples to be used for westing. The two test radiators were received fram

the depot's latest shipment of newly produced radiators delivered by the e
manufacturer. The scope of this report will cover the testing that was

perfommed and the development of performance requirements for the M915

radiator.

5.3. Outline of Test

The test program consisted of the following operaﬁions:
Determination of cooling requirements. .
Development of check-out procedures and performmance tests,
Installation and instrumentation of radiator.

Collection of test data.
Cleaning and preparation of radiator for return shi_pnent.

Evaluation and reporting of test results.

5.4. Test Material and Bquipment

T™wo (2) MI15 radiators, NSN 2938-01-082-7922, were obtained fram the
manufacturer and were used in this test program.

TACOM's Air Flow Laboratory and associated equipment and instrumentation were
used to perform the testing. During heat-rejection testing, 18 themmocouples
were gridded and placed on each side of the radiator core to measure the
average inlet and outlet air temperatures. Quartz thermameters were used to
measure the inlet and outlet water temperatures.

5.5. Test Procedures

As no test procedure was available for this radiator, MIL-R-45306C,

"padiators, Engine Cocling, Industrial®™ (see Appendix A) was used to derive

test points for the heat-rejection data. Additional tests such as the fill-

rate test, maximum free-flow rate test, and pressure-cap test were included

in the test plan and were performed to provide additional radiator

performance data. These tests were obtained fram the TACOM Cooling System

Design Guide. Testing of the radiators was conducted in various steps to .
insure proper accuracy and to detemine radiator characteristics. The

details of these steps are described below:




5.5.1. Visual Inspection of Radiators. Visual inspection was perfommed to
document any noticeable external defects.

5.5.2. Preliminary Water-Pressure Test. With all ports blocked, the
radiator was campletely filled with water and pressurized to 20 psig. The
radiator was then checked for leakage, and results were recorded.

5.5.3. Air-Pressure Tes::. An air hose was connected to the radiator and
with all ports blocked, was pressurized to 20 psig. The radiator was then
submerged in a reservoir of water and was inspected for air leaks. Results
were recorded. '

5.5.4. Flushing of Radiators. The radiators were thoroughly flushed with
water until a clean fluid was seen exiting the radiator. This was done to
ensure that no deposits would be present during testing of the cooling

system.

5.5.5. Fill-Rate Test. With the outlet port blocked, the radiator was
filled to 99 percent capacity, and the fill time was recorded. This
procedure was conducted to ensure that a five-minute time limit was met.

5.5.6. Maximum Free-Flow Rate Test. The radiator was suspended belcw a
receiving drum and connected to a water flow systam. The water was adj:sted
so that a constant water level of one-half inch above inlet port of the
radiator was maintained. Flow measurements were recorded to detemmine L.e
maximum free-flow rate of the radiator (see figure 5-1).

5.5.7. Pressure-Cap Test. A standard pressure-cap testing device was used
to measure the relief valve setting of the cap.

5.5.8. Heat-Transfer and Core-Resistance Tests. The radiator was mounted in
a wind tunnel and was tested at 180, 165, and 125 percent of the rated
coolant flow specified in MIL-R-45306C. At each coolant-flow rate, the heat
rejection was ceterminad at the following air velocities:

FLOW RATE AR YELOOITY
ame o

110 1800
16 v 1800

188 1600
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Heat rejection was calculated according to the following equations:

A. Heat Transfer - Heat energy absorbed by air flow:
Q= fC,LT
where m = Air flow rate (1b~, /minute)
Ce = Specific heat of air (Btu/lb~ /°F)
LT = Air Temperature Difference ('F).
B. Heat Transfer - Heat rejection fram coolant flow:
Q= fCLT
vhere m = Coolant flow rate (1b~ /minute)
C¢ = Specific heat of coolant (BTU/lbc-/ F)
LT = Coolant Temperature Difference (“F)

5.5.9. Final Air-Pressure Test. The Preliminary Air-Pressure Test was
repeated to ensure that no damage was made to the radiators during testing.

5.6. Radiator Configuration

The current configuration of the M915 radiators are crossflow heat exchangers
with uninterrupted plain-fin surfaces (see figure 5-2). The core area is
approximately 1288 square inches, and the coolant capacity is 17.25 gallons.

5.7. Test Results

The following paragraphs summarize the results of each test that was
performed. For more detailed tabulated results, see Appendix B.

5.7.1. Visual Inspection of Radiators. Portions of the core were missing
near both the top and bottam tanks on both radiators. Figures 5-3 and 5-4
show these deficiencies. Prior to start of the Preliminary Water-Pressure
Test, a thick yellow fluid was found inside sample $1. Wwhen the radiator was
filled with water, this fluid floated to the top of the water. In sample #2,
before filling the radiator with water, a yellowish brown fluid was found.
Chemical analysis revealed that the characteristics appeared to be similar to
those of a tranamission oil fluid. A detailed test report of this analysis
can be found in Appendix B. No military specifications call for a
preservative oil to be placed inside the radiator, however, the manufacturer
could have placed the fluid on his own accord. These fluids were removed,
and the radiators were flushed clean before proceeding with the test.

5.7.2. Preliminary Water-Pressure Test. No leakage occurred in either of
the two radiator test samples.

5.7.3. Air-Pressure Test. A small leak was noticed on radiator sample $1

fram a bolt located below the radiator outlet on the lower tank. After the
radiator was submerged for 3¢ minutes, the leak stopped.

11
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Figure 5-2. M915 Radiator Configuration




Figure 6-3. Radiator Quality Deficiencies, Test Sample #1
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t
On radiator sample $#2, a small leak was initially cited at the soldering
joint hetween the fillerneck and ithe top tank. This leak gradually became
worse and, upon stabilization, was measured at 21,660 ml/min (5.722 GPM).

5.7.4. Flushing of Radiators. Both test radiators were flushed out with
water to ensure that clean cooling systems would be used during the heat
transfer test. During flushing, clean water was observed leaving both
radiators. ‘

5.7.5. Fill Rate Test., In order to fill the radiator to 98 percent
capacity, an average f£ill rate of 8.29 minutes was recorded by both
radiators.

5.7.6. Maximum Free-Flow Rate Test. After coolant flow was stabilized, an
average measurement of 52.8 GPM was recorded for radiator sample #1 and 57.7
GMM was recorded for radiatcr sample #2. Combining test runs fram both
radiators produced an average maximum free-flow rate of 55.3 GPM.

5.7.7. Pressure-Cap Test. The pressure caps of both radiator samples were
tested and measured 9.9 psi and 16 psi, respectively.

5.7.8. Heat-Transfer and Core-Resistance Tests. Four test runs, out of a
total of 18, were removed fram the final analysis. These four runs did not
meet the 5 percent-difference specification between air heat rejection and
coolant heat rejection. Test data showed that the radiator met the cooling
requirements of the vehicle's powerpack.

5.7.9. Final Pressure Test. Radiator sample #1 did not show any signs of
leakage. Radiator sample #2 had repairs on the fillerneck but still
maintained a amall leak. This leak was measured to be approximately 997
ml/min (8.263 GPM). ;

¥

5.8. Discussion of Results »

The resulting core-resistance data may look suspicious, as it does not agree
with those values found in MIL-R-45386C. It therefore must be reiterated
that this specification was used solely as a test parameter design guide, and
not as a perfommance guide. The resulting core-resistance data derived from
this testing did provide adequate cooling. If restriction on the radiators
were too great. :inen the cooling requirements of this radiator's cooling
system would ~... likely not have been met. The results of the heat-transfer
testing proved tnot this vehicle's cooling requirements were me: by this
radiator design.

-
-

5-9. m //;'
Vibration and pressure-cycle tests were not included in this test plan/
These tests are destructive tests, and the radiator samples that were/ used
during testing were on loan to TACOM. These tests are also known as’
structural tests, not performance tests, and the purpose of the testing /wa’s

to determine performance requirements.

/
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APPENDIX A

M915 RADIATOR TEST REQUIREMENTS DATA
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Performanse ODota

All dsta ie baser’ On the engine opersting with fuel system, water pump, lubricating cit pump, comouuor {unicaded) and dir clasner;
not included we Ntemnator, ten, opuonal squipment and driven components. Date is based on uperstion under SAE stnded J3i6b
conditons of 500 feet (180 m) dtitude (29.00 in. {738 mm] Hg drvy beramaeter), 850F (287 ©2) intake air tempersture end 0.38 In.
(0.6 mm) Hg wemr vapor pressure, using No. 2 deesel o7 8 fusl corresponding to ASTM D2, .

Prake Meen Effective Pressurs @ Rated Power=PSI (kPB) . . . . . . . ¢ &, ¢ ¢ o ¢ o o » + o 1611210
OPoak Tomue ~PSIIkP) . . -0 . . . v ¢ v s e e 0. . 20311309
PatonSpeed ® 2100 RPM—f/min.ImA) . . « « v & & o o 0 s s s s e e e s . W . 2100 (10.7)
Friction Horepower @ 2100 APM=hD, (kW) . . ¢ « « & & ¢ ¢ o o o o o s o o o o » « (8N
@ 1300 RPM-—hp. lkW’ s s e & + s s e s s s 8 s s e s e s s » « #0130
Idie Spesg-APM ., © ¢ e % s e e s s & s s s s e s e 2 s s o 600
Maximum No Loed Govomd Sotd-RPM PPN e ¢ s e s s s e 8 % s e s e+ s « 2600
Maximum Overspesd Capability-RPM~{18 Second Maximum) e 1 (]
Torqus Avasistis at Quxh Engsgement—(800 RPM)—Ib.-ft. 1 DI * 1 {719)
Thrust Sesring Load Limit=Maximum. Intermittent=lb. (N} . . . . . . . . « & &+ &+ « & « « « 1409 (6 000
oMaximumContinuows=iB. (N} . . . . & . ¢+ ¢« ¢ o « ¢ « o & « « 70013 000

Engine Delivers Ratmd Performance up to Altinide— '
Maximum spproved altitude when opersted ina transientmode-ft.{md . . . ., ., ., . . . . .12,000(3600)°
Maximum spproved altitude when operasted continusily staitivuge-fiml. . . . . . . . . . . §000(1 800"

Ambient Alr Temparature Above Which Output Shouldbe Umitsd=2F (9C) . . . . . . « « + . . . 120049} °
Chart Bslow Refiects Oata Based on the Following Varisbies et Conditions of Rated Power:

Coolant Temperaare=9F (°CY . . . . . 185(8%) Aic intake Restriction—in. H20 {mm H20) . . . . . 10 (280}
Water Infet Pressure—PSI (kPa) . . . . . 7(80) Alr Intake Tomperature=9F ~ 99C) ., . . ., . . . 85(29)
Block Pressure—PSi (kPe) . . . . . . . 3B (240) Exheust Restriction—in. HgimmHg) . . . . . . . 20 (80!
Manimum Rating
PERF, OUTPUT SPEED TORQUE AIR FLOWT EXHAUST GAQ(DIY" WATER FLOW? MEAT REJL.Y
RATING CURVE B4  APM  LB.-FT. CFM CFM  TEMP.OF US. GPMe® BTUMIN,
“00 c38 w) {Nwm) Ulsar/s) {Uwe/el (°c) Qiterhs) (kwy)
Full Power 400 2100 1000 1080 2268 900 . *140 10.250
1298} (1358) {408) (111¢)  (482) .8) {180)
i - - A - N e
Cooling Chack Point . 83 e | 13
Ovsonal Ratings -

ENGINE PERF, oUTPUT  SPEED TORQUE ENGINE PERE. ouTPUT SPEED ’.'Oﬁ.!e
RATINGS CUAVE :l" APM I.?.-’T. RATINGS CURVE 4 AP LB.~8T,
w N} [ )

WO Raing  COITILBY N-m)
Full Power 30 2100 °s
(27¢) “{1254)
Pesk Torque s 1800 1150
(24% Terque Rise) {248) {1889}
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. NIL-2-45306C
‘ . - : ] 3 May 1983
. . SUPKASEDLING

) | HIL-R~453068
) 3 July 1973
MILITARY SPEICIFICATION
RADIATORS, ENGINE COOLING, DNDUSTRIAL -

Tuis specification is approved for use by all Departments and Ageancies
of the Department of Defense. ‘

%

1 som o . |
1.1 "Scope. This specification covers coolant radiators for liquid-ecoled,
industrial, internsl-combustion engines of 10 horsepowver and above. - °
I‘Zﬁﬂsiﬁ:at:ag. 'f'!hc radiators shall be of the 'fei!&i;; tm:,ss
“specified (see 6.2): - ST e

L4

.

P

. . . e
L AN : * el

’ 'ry;n I - Soldered-tank radiator. e "" ;“'t,-_. B
" .Type 1l '~ Bolted-tank radiator with replacesble core. ..
2. APPLICABLE DOCLMENTS -~ T
2.1 Covernment document s. ‘ , B

2.3;1 Sﬁiﬁcs'tieas and standards. Unless othervise sgccifiié"{ltc 6.2), the
following specifications and standards of the issue listed im that issue of the
Department of Defense Index of Specifications and Standards (DoDISS) specified in

the solicitation, form a part of this specification to the extent specified
herein. ;

SPECIYICATIONS

FEDERAL '

»

wW-1-800 - Luhricstim; 0il, Ceneral Purpose, Preservative

(Water-Displacing, Low Temperature).

¥
Beneficial comments (recommendations, additions, deletions) and any pertinent
data vhich may be of use in improviag this document should be addressed to: US
rwy Mobility Equipment Research and Development Command, ATTN: DRDME-DS, Fort
Belvoir, VA 22060 by using the self-addressed Standardization Dolument

Isprovement Proposal (DD Form 1426) appearing at the end of this document or by
letter.

¥5C 2930
A-5




PPP-3-601 : ~ Bozes, Wood, Cleated-Plywood.
Prr-5-636 « Boxzes, Ripping, Fiberboard.
.I(ILITAIY - . . )
MIL-P~116 : - rnurncio-. Metbods of. -
MIL-C~5501 . ~ Cap sad Plug, Protective, Dust aad Moisture™ =
Seal.
XIL-C~12803 = Casket Materiasl, Noometsllic.
NIL-T-22085 - = Tape, Pressure~Sensitive, Adhesive,
Preservation end Sesling
. e e
¢ MILITARY S )
"'.'A'.,'. . . . . " -3 _,_ “"‘:v" P R
“ o MIL-STD~105 - - Snliu Procedures -d hblu for
- : v " Inspection by Attributes. - ...
_— MIL-$TD~129 : -« Marking: for Shipment and Storage. '
Sw 0 MIL-STD~130 . = ldentification Marking of US -
. Milicary. Property. - - .
MIL-STD-889 , = Dissimilar Netals. )
MIL-STD-1188 - . "] «"Commercial’ Pub;in; of Suppliu *
* . and m‘mto Y
ns15773 . « Radiators, Engine Cooling, Indutrinl.
. MS3s8ss : . = Cores, Radiators, . ln;h. COoliu. : .
. . l" -~ T. h‘“tml‘ ‘_‘x. - - ‘ .
PR ot = ,.\',\-'_”.':’,:;;'v .’1‘}:‘_‘; g ‘.;V

. (Copies of opeci!'iect'i.ou-o. and staudards required by cutruton in connoctiou .
with specific scquisition functions should be obtained from the contracting
+ @&ctivity or as directed by the contucting of!iuto) B

2.2 Other publications. The fouoving doe:-ut(l) fon a part of this
specification to the extent specified herein. The {ssues of the documents which
,are indiczted as DoD sadopted shall be the issue. lilud in the curreat nonxss and
‘the supplement thereto, if applicadble..

AERICAN NATIONAL STANDARDS INSTITUTE (ANSI) s

_.* ANSI/ASTM B-36 - Brass Plate, Sheet, Strip, end Rolled Bar.
' ARSI/ASTM B~152 - Copper. Sheet, Strip, Plate, &nd Rolled Bar.

(Application for copies should be sddressed t:» the Americaa National Standards
. Iutitutc. Inc., 1430 lro«!vay Nev York, WY 10013). A

AMERICAN SOCIEZTY YOR TESTING AND MATERIALS (AS'D!)
BO& - Twine Plates.

(Application for copies should be sddressed to the American Society for Testing °
and Materials, 1916 Race Street, Philadelphia, PA 19103.)

A-6




. MIL-R=43306C

(Industry associstion ;piéifieatia.al and standards are generally aveiladle for -‘
reference from librariss. They are also distributed smong technical groups sud
using Pederal agencies.) - - . T

2.3 Order of greceéé&s. ‘In the event of a conflict batween the text of this . -
specification and the refersnces cited herein, the text of this aptcificatien
shall take precedencs.

3. REQUIREMENTS o
3.1 Description. The radistors and cores shall be as shown on !1535??3,
MS35884, and as spceifisd herein,

3.2 Pirst article (firs:-predsced- radistor and core). The contractor shsll
furnish one or more radiators and cores as specified (see 6,2), for exsminatjon °
and tests vithin the time frame specified (see 6.2), to prove prior to starting
production, that.his production methods will produce radiators and cores that o
comply vith the requirements of this specification. Examinaticn and tests shall . ==
be as specified in Section & and upless othervise specified bherein, oll * - -
. examination and tests.shall be conducted by the contractor subject to -
surveillance and approval by the Goverpment (see 6.3). When specified (see 6.2),
. the Government will conduct soy or all of the preproduction examination snd tests.

*

3.3 Materials. Materials shall be as specified herein and as shown on
applicable standarde. Materials not specified shall be selected by the
contractor and shall be subject to all provisions of this specification (see 6.5).

3.3.1 Cegg' r tubing, - Tubes shall be :ap;e:, red brass, or naval brass ei:h 55 L
percent copper and 15 percent szinc. Tubing shall not bt sul ject 2o T Tet
dezincification and resultaat corrosion. :

3.3.2 Sheet copper. “Sheet copper for fins shall confors to ANSI/ASTM B152.

3.3.3 Sheet brass. Sheet brass for tanks and header plates shall conform to
ANSI/ASTH B36. '

3.3.4 Terne plate. Terne plate for side members for type 1 radiators shall
conform to ASTM A308 Terns Plate, with LI-E.': coating thickness a8 & miniaum.

3.3.5 Casket. Caskei material shan conform to MIL-C-12803, Type I, identifi~
cation number P1161A. ‘

3.3.6 Dissimilar Metals. Dissimilar metals ar defined in MIL-STD-889 shall
not be used in intimate contact s;thm: suitable protectiom in n:éu' to prevent
or minimize galvanic corrosion.

3.3.7 1ldentification of materials and finishes. The contractor shall identify
the specific material, material finish, or treatment for use with components and
subcomponents, This information shall be avsilable, upon request, to the
contacting officer or his or her designated representative.
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* . -7 3.3.8 Material deterioration sad control. The radiastors shall be fabricated
. from compatible materials, Jnherently corrosion resistaat or treated to provide
- protectioc sgainst the various torms of corrosiom and detezioration that may be
_ encountered in any of the applicable storage and operating enviromments to which
_ _the item may be exposed. S

‘et Y O

3.4 Pins and tubes. The core asssembly shall 5. of EL. t;bixand plate-fin
_comstructiocn vith the fins perpendicular to and in clcse comtact with the tubes.

| e
N1y LIV

‘3.5 »Performance. , t .
N :

.3.5.1- Heat rejection and core resistance. The heat rejection and core
resistance curver of the test core shall be comrared with the corresponding heat

.- rejection and core resistance curves of the standard core. A fan curve at
. .-staadard air density (0.075 lbs/cu. ft.) shall be drawn through tha stendard core

'+ rpesistance points at the 1500, 1800 and 2100 feet .per mioute sir velocity

. lse. ppints. The point at. which the fan curve intersects the test core resistance

R o
-~

iff?“curvn“shali be projected onto its respective heat rejection curve. When compared
7. to the standard core values, the projected core values- shall conform to the

“* " "vyalues stated on sheet A of MS35773. B AT’“‘?"Q'

¢ - Te K L . 1 "

" 30592 Beat rejection comparison.  The comparison between heat rejection (air
gain) and heat rejection (water loss) shall not exceed 5 percent. . :

3.5.3 Di:tortion. When tested as specified in 4.3.1.3, the radiator and core
" shall show no leskage or permanent distortion exceeding 1/8 inch.
" 3,5.4 Vibration and leakage. ‘Tﬁc-rldiizor pr'cora{vhcnivibtltcd as specified
.. in #.5.2.% at the most critical resonant frequency shall show no evidence of.
structural damage, seepage, or leakage. ' . '

3.6 Identification marking, Radistors and type 1I cores shall be identified
in accordance with MIL-SID-130. A metal identification plate shall be
permanently affixed to the side of the top tazk of each radiacor near the wvater
inlet. In sddition, a metal identificstion plate shall be permanently attached

. to tha side of the type Il core. Marking shall include the following information

Military standard radiator
M8 part number
Manufacturer's nane or trademark
3.7 Finishing and painting. Unless othervise specified (see 6.2), the
. r.diator and core shall be finished and painted in sccordance with the
contractor's standard practice. B o

3.8 Type 1. The type I soldered-tank radistor shall be as shown on MS25773,
part aumbers -1, =2, =3, =9 or =10, as specified (see 6.2).

3.9 Type II. Bolted-tink radiator with replaceable core, type II, shall be as
shown on MS 35773, part numbers -4, -5, =5, =7, or -8, as specified (see 6.2).
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3.10 Hcrtlahshig. e T s ' .

3.10.1 Clesning. The ea-gi::cé :n&i;zer and coras shall be cleaned and frae
from defects such as dirt, sand, metal chips, rust, cracks, and other foreign
materials or defects that could impair their servicesbility. Water from the
cleaned radistor or corcs shall not show a "pH" change of greater tham 1, the R
chloride content shall not exceed 75 parts per million, nor shall thers de a
change in chlorine content no greater thaa 75 parts per milliom vhen compared
vith water before ri:siag.~ e

3.10.2 Soldering. Soldering of the overflow tube te the filler neck anc the
filler neck to the radiator top tank shail not interfere with the proper
operation of the pressura cap., In tha event any soldering is done to parts after
the radiator or cors has beea :itssed, the r:d:a:a: or core shall be cieaned
ag:aa after :he solée:;ag ape:::iea.

.1.-... e :. -

3.10.3 Beséer*p!:tes.‘,!hc‘;askc: s:cs, the cer:espaa&zng bai:heies, and the '_
bolthead ards of the. hendc:—pi;ten used on type 1I radiators shall be free of ~.. 7

solder lumps and a vater resistant nonhardening cement shall be used on the
gaskets when thc core issttse:bicé to the tanksa

phacy ‘.?_ . - -

4. QﬁALITT ASSBE&SC! ?RS?ISEGRS e R :
::.:'-. < ,".:_; . “ . : . :

4.1 kesyeaax§xlity for inspect:en. Unless otherwise specified in the comtraet:
or purchase order, the contractor is responsible for the performance of all
inspection requirements as specified hersin., IExcept as othervise specified in
the contract or order, ‘the contractor may use his.own or any other facilities
suitsble for the performance of the inspection requirements specified herein,
unless disspproved hy the Jovernment. The Government reserves the right to
perfern any of the inspections set forth in the ;pec:f;cs::en where such
inspections are deemed necessary to assure suppliss and services confors te
prescribed requiremsents.

4.1.1 Component and material inspection. The contractor is responsible for
insuring thst components and materials used are manufsectured, examined, and
,tested in accordance with referenced specifications and standards. '

4,1.2 Disassembly inapection. Failurs of any test by the first—-produced médel
shall be cause for disassembly, in the presence of a Government representative,
of the first-produced model to the extent necessary to determine the cause of the
fuilure, Each disassembled part shall be exsmined in detail for compliance with
this specification in regard to materizle, dimensions, tolerances, and
ae:kaanchipn Parts not cc-piyxag with such reguzreneat; shall be rejected.

RO JE

4.2 czz:s;fxeg::os “of znsgectses, Inspection shall be classified as follows:

' ?i:xt-praduced radiator inspection (see 4.3).
b. Quality conformance imspection (see 4.4).
c. Inspection of packaging (see 4.6).

4.3 First-produced radiator inspection.

A-S
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4.3.1 Exsainstion. The first-produced radistor(s) shall be exsmissd ss
specified In 4.5.1. Presance of ome or more defects shall.he cause for rejectioe

of all first-produced radiator(s).

4.3.2 Tests. The tirst-produced radiator(s) shall ba tasted as mei!hd ia
4.5.2.1 through 4.5.2.5. Tailure of any test shall be csuse £ot por!onh; the-
inspection specified in 4.1.2, -

4.4 Quality conformance inspection.

4.4.1 Sampling. Sampling for exsmination aad tests shall bde im accordance
vith MIL-STD~105, Inspectica Level 1I.

‘.5.2 hin.timo . R . o " | . |

4.4.2,1 Samples. Samples selected in u:cor.dmo vith 4.4.1 shall be-exsmined .
as specified in 4.5.1. AQL shall be 2.5 pcrccat dclcc:in fot ujor dclcsu and
& pu'ceat dctcctin for minor defects, ) X - I

.

* 4.4.3.1 Samples. Samples selected in accordance with 4.4.1 shall be tisted as
'npeéificd in 4.5.2.1 through 4.5.2,5. AQL shall be 2.5 pctccnt defectiva for .

~ major defects and & percent defective for minor defects.

4.5 !u-pection'procedur-. N .

6.5.1; lxl-iuation. The radiators or cores oball b. czllincd for th‘ folloving

" defects: ; . -

!njor
101. Dimensions not as specified.
102. VMaterial not as specified,

103, ¢ Jering not as -pccxfxed.

104, <eriels are not corrosion resistaat or tte.ted to be made corrosion
1.slstant for the applicable storage end opersting enviromments.

105. Divsinilar metals as defined in MNIL-STD-889 are not effectively

insulated from each other.
106. Comtractor does not have documentation available for identification
of naterial, material finishes, or treatments. .

Minor

201. 1ldentification marking incorrect or illegible.
202, Clesning not as specified.
"203. Workmanship not as specified.

4.5.2 Tests.
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4.5.2.1 Conditiocns. The following.comditicas shall apply during the tests .
performed in sccordance with thir specification om complete radiators sad co
radiator corss when they are fur hed separstaly. Radiator cores lurnished T

separately shall be tested ia fixcuree which simmlate, for test purposes, the top
and Dottom radiator tamks. - T oEe AY W

« * x ~ Tt - N * N
AT p

4.5.2.1.1 Supports. The radiator or core shall be supported on its normal
points of support and shall not be supported cm a cradle or brackat which in any

wsy restrains the possible distortioa of the radister or cors when under -
pressure. = * .

*

4.5.2.1.2 Equipment. - The test radiator or cors, as applicable, shall be
mounted on a test stand. A circulatisg pump sball be used to maintain an even
temperature in the vater raservoir. A flow pump and piping shall be used to
provide vater to the test radistor or core and & throttling valve shall be uszed
to regulate the flow to the desired rate...A verisble speed {an or adjustable
dampeners or louvers shall regulate the airflow to tha test radiator or core.

e e Hzaam s mE

« 4.5.2.1.3 Ianstrumencation.. Sn;tmutiea ‘shall be pfeﬁfiéeé to ;a:fax; the
following functions: Tl gL e .

e = e e
~ DA
Eliowew L0 IrEE o
- R - ‘

.

a. To messurs the tesparature
radiator or core. -~ T -7 .- T . .

b. To mesaure sirflow in the airduct. (When an orifice is used to measure
the airflow, a manometer shell be connected upstresm from the orifice to
indicate the static pressure in the duct.) ’

¢. To measure the pressure drop or the resistance to airflow across the core.

d. To measure the temperature of the airflow cn esach side of the core.

in the vaterline at inlet snd outlet to test | .

A . . Rl
4.5.2.1.64 Control limits and data observations. The observed data shall be
recorded. All points for each test shall be recorded only after all variasbles
have been stabilized. The degree of stabilisation and accuracy of observations

shall be scceptable if the heat-gejection comparison conforms to 3.5.2.

£.5.2.1.5 Coolant, The cooclant shall hc waters.

4.5.2.1.5.1 Coolant :e-gr::ures, The temperatuze of the water entering the
test section shall be between 170° ¥ and 210° F.

4.5.2.1.6 Heat rejection. The hest rejection test shall be made using one of
the feiiaeiag test methods.

4.5.2.1.6.1 Hear rejection, test method (a). The core section shall be tested
in the wind tunnel at the 100 percent waterflow —ate and at 125 percent of the
rated waterflow. If these selected values: are not possible the core shall be
/tested at not less than three waterflow rates which bracker the 100 :nd 125
percent rate for each radiator size. At esch vaterflow rate, the beat re jection
ghall be determined at not less than four air velocities overlapping the range of
1,500 to 2,100 feet per minute as indicated cn sheet 7 of MS35773. The heat

T ‘ A-11
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rejectad by the water snd the beat gained by the air shall be sepmtely
calculated at each test condition. A performance curve shall bepibtted am showva
on H835773, Figurs 1 or 2, as applicable. The heat rejection amicors restwtance
values st 1,500, 1,800, and 2,100 feet per minute air velocity sisdill be talsen
‘from the potfomuc. curve and recorded. The difference between titer test dxza
and sgandard core data shall be checked for conformance to 3.5.1.

4.5.2,1.6.2 Heat reajection, alternate test method (b). When tHee sane coxom
section is used for more than one radiator type and size, vaterflewrates snd
air-velocity rates which overlap the entize range of required cosdiions exmll be
chosen for test pointa on tha sample core. All the air velocitiweshall G
tested at each chosen waterflow rate. These results shall be plutad as alttoem on
MS35773, figure 1 or 2, as applicable. The varying vaterflow rarws in galilkomns
per minute can be plotted as a parzmater oa these curves. From:tsse Curemm, a
cross plot cap be mada with heat rejccn e in Btu/ainute as the xrddnacte,
vaterflow rates as tha abncicu, and air welocity lines of 1,500, 1800, ami
2,100 feet per minute ss the paracter. From this cross plot. the requiredt
values can be obtained and recorded. The data thus obtained shdllbe conmgmred to
the standard core values of #S35773, Pigures 1 and 2, as applicstid» The
_ difference between the test data and standard core data shell becheckid Zur
conformance to 3.5.1.

4.5.2.1.7 Air flow. Air flovw through the test core section sidl be fumm
either side. . . .

4.5.2.1.8 Air-pressure~drop-corrections. The sir-pressure<inp measumenents
shall be corrected to standard coanditions by use of the following formulas

Ar, = LA__E)..L AP, = Corrected drop, inlafl.
/o APp = Measured drop, in HQ.

/ = Inlet air density, tixdcu. fto

/ Standard air denuty, Q.075
0 Lh/cu. ft.

4.5.2.1.9 Vibration. The radiator shall dbe filled with tapwses for titm test
specified in 4.5.2.4. The radistor shall be supported as specifisk in 4.5.2.1.1
and securely fastened to a rigid nountzng bracket vhich shall bebialted t» the
vibration table to uuure that the motion of the radiator shall the ecosentimlly
the same as the motion of the platform. Means shall be provided f&ir contrsolling
the direction of vibration of the test machine and for adjustingasd mesmmering
frequencies and emplitudes of vibration to keep them within prescibed limirs.

4.5,2.2 Heat rejection and core resistance. The radistor orcoss, as
epplicable, shall be tested as specified in 4.5.2.1.6 based on cndmd heax
rejection as defined in 6.4.12. These values may be determined amna squszme—foot
bssis. These values shall then be corrected to the area in squsre feet.
Nonconformance to 3.5.]1 shall constitute failure of this test.
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g 4o$¢2.3 Pressure cyekin;. The cmpie:c n&h:er shall bl tested with all
" ‘outlets closed. Pressure, variable frcm atmospheric to 150 perceat of cap
-pressure not exceeding 18 psig, sball be spplied at the inlet ueing air, steem or
. glyeel and shall be maintained at a temparature of at lesst 212‘ ¥ during the
test. When stesm is used, means shsll be providad to prevent the accumulation of
water. The pressure cycling shall tzke placs in 3 to & ceconds and at s rate of
" 6 pressure cycles plus or minus 1 cycle pér mirute. The radiator shall be cycled
to & minimum of 50,000 pressure cycles. -The radistor shall be exsmined
periodically for evidence of leakege or distortiom. Ounly tube leeks and
tube-to-header leaks, not tc exceed three, shall be repaired or plugged before
eon:inuxn; the test. Any evidence-of leskage or maximm permanent distortiom cf
-n:c than 1/8 inch shall comstitute fs:kara of thil gu:‘

. .
,‘ . * *

i.S.Z.& Vsbrctien. - S - oo

-

. 4,5.2,:.. 1 Resonsnce surve _1;’ The ri&&égr shi:hﬁ.;s been tested in sccordance
3‘5'{:5‘ 4.5.2.3 may be rebuilt or another radiator may be used ‘for this test. The
r:ﬂi‘:ﬁf shall be tested for leaksge prior to start ‘of this test. The radiator

2 lhali be prepared in accordance with 4.5.2.1:9 and vibrated at frequencies from -

~.10 eps to 33 cps st the table displacements: tpccificd in'table I. The change in
*frequency shall be made at intervals of 1 cps and maintained at each frequency
-for 1 minute., If resonance occurs at any point in the specified range, the

* frequency of vibrstion at that point shall he:e-t t!sc test :cnéi::.cn for
ias‘zgi-d. B 2.

: £,5.2.4.2 Procedure. This test shall be run af::r cecplatzen of 4.5.2.4.1 if
o 7o leaks are obberved. The radiator shall be vibrated for pot less than 24 hours
st the most critical resonent frequency. If no resosance wae observed, this test
“shall be performed at 33 cps at the displacement refersncad in table 1. .- The
radistor shall be periodically examined during the test for evidence of seepags
and leskage. Nonconformance to 3.5.4 shall constitute failure of this test.

Table 1. Table Displacements.

-
* .

kE;equency range - ' ~Total table displacement
. eps . . inches
10 o 13 © ' 0.060 + 0.006
16 to 25 0.050 ¥ 0.005
26 to 33 ) - 0.040 ¥ 0.005 .

t.s.:.s Washing operation. The radistor or cora shall be filled with
‘distilled vater or tapwater of known pH index {see 6.4.13), at & tm;crstu:e of
.80° ¥ to 100° 7. The radistor shail them be shaken to assure thorough mixing and
thea asllowed to astand for 1 hour. At the end of the l-hour period, 1/2 gallon of
the contents shall be drsined into s clean container and tasted for pB change and
chloride content. Nonconformance to 3.10.1 shall comstitute fsilure of this test.
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4.6 Inspection of .z‘_c' y h!in‘.; t-'._- -
4.6.1 Quality eoufomune. ig_sﬁction of pack.
4.6.1.1 Unit of groduct. *Por tho putpou of inspection, s completed pack

prepared for shipment shall be coasidered a unit of product.

4.6.1.2 sﬂlin‘. Saspling for cuniut.ion shall be in accordance with
MIL-STD-10S. : e aRTETID

4.6,1.3 Exsmination. Samples selected id accordance with 4.6.1.2 shall be
exsmined for the following defects. AQL shall be 2.5 percent defective. -

104. Materials, methods, or cootainers not as specified for level A or B.
Each incorrect material, mcthod or container shall constitute one

" defect. . . .
'105. Openings into udhtou or rophcmnt core:assemblies not n«led Ll
" specified for level Aoi=zi i - . _

*

106. Caskets not preserved: as specified for level A.
107. “Coptents not immobilized within box as spetified for lavel A.
108. Box closure snd sealing not as specified for lavel A,
109. Radiators or replacement core-gssemblies of unlike dcncnpdon ]
- packed together for leval A or B, c e
110. Quantities packed together excaed the weight limitation of the box fhm
level A or B.
/ 111. Preservation or plcking not in accordance vith the referenced docum:t:
as specified for commercial.
112. Marking missing, {llcgiblo, incotuct. or incompleta for level A, B
: or commercial, ¢+ . . \

5. PACKAGINC N

5.1 Preservation. Preservation shall be level A or commercial as specified
(see 6.2).

5.1.1 Level A. Unless otherwise specified (see 6.2) radiators or replacesnt
core-assemblies shall not require spplication of s contact preservative. When
specified (see 6.2), slush or flush interior of rsdiators replacement cora-
assemblies with VV-L-800/to insure complete coverage and thoroughly drain
excess. Openings into radiators or replacement core-ssseablies chall be sedisi
wvith tape conforming to MIL-T~22085, Type Il or with caps or plugs of the
appropriate size conforming to HWIL-C~5501. The filler neck cap shall be secir?
in place to prevent loss. Gaskate for each replacesble cors assembly shall b
protected with fiberboard stiffeners and shall be preserved in accordance witi:
MIL-P-116, Method IC-1 or IC-3. Each radiator or each replaceable core-assedlily
wvith gaskets, shall then be placed in a close~ficting box conforming to -
PPP-B-636, class weather resistant, grade as applicable, style opticmal. The
conteats shall be dlocked, braced or cushioned as spplicable within the box tro
prevent movement or damage. Box cliosure end ualin; shali be as specificd L=<
method V in the appeadix o the box specificaniom,

~
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-aex,z cmrchie . Bach radiator or replecement core=
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"§,2,1°- Level'A, ‘Miggaﬁ of ii&@ ées:sigziaa o rsgi@g :
of liks descriptics, presarved as epecified im 5.1, shall be packed togethar ia 2
close-fictiag box conforning to PPP-B-601, overceas type, styls cptiecmsl, im -
quentities mot to exceed the weight iimitaticn of the bexm.. Bexm cli 3 gl
s:mgpiag shall. hc ia sccordance vith the sm&éég to the box sg&igﬁ&mmg
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6.l - Inteséeé USEo - !k& raésa:az@ :wezeé §§ tkis syegigiegi&ﬁ are .
 use with iignsé-:esigé mgem& :m@zzm eﬁgﬁms ts &isﬁ@@gg the && £m the

coolant. - «,.,sg;.:t co T Ll ) s
s .:* - - '-’ ',.-'- "

"asr-a.- e aw .,z vf,s"

-l LI . DA

6.2 eﬁerﬁngéa:se &@eumg decuments smz,s weeiﬁy Ehs @ﬁﬁé&ge
Tae 'I;:Ie, m:, eaé &sze of this 3m£f§est§s§a Ly e
b. Date of issue of DoDISS applicsble and ezceptisas t&es'sg@ {se% 2a§ei}e
e. Type of radiator or cere, whem applicable, requized (ses 1.2), - ~
a, _Time frame required for submissicn of iégsgﬁm@é zadistor{e) and
+ nueber. of radistors required {see 3.2).. it '@é?*::::
' When the Coverrment will comduct smy or all of the. pﬁgmgsgim mé@

: [» ‘exsmination and tests.’ Whem the Covernmest will comduel: seme but met—y Sk
' gll of the preproduction exsminsticm end tests, the esmtzacting offiesr -
- ghould “specify which ezsaination md gests will be- a%é@sgeé by the .

“. Covernment. and which emaagtmﬁ ‘ead’ zests. ‘shall be. e &g’ the
" contractor (see 3.2), WU T NFtmy SRR ﬁ%‘*’? ATy ST

f. Pinizhing and painting whean other thes s specified (see 3@339
go Applicsble MS part number required (see 3.8). :

h. Applicable HS part oumber required (see 3.9).

i. Degree of preservaticn sad degres of packing requived (see 5.1 and 5.2).
;‘, When imterior of rediator o replacesent core-zssemblies aze to be
presesved (see 5.1.1).

*

..v-&"‘.-«nm s :..; e S

%.
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6.3 Pirst ed radistor. Any chenges or daviations of production
radistors snd cores as applicadle,. from the spproved firat-produced tadiator
durirg productiocn will be subjcct to the spproval of the coatracting officer.
Approval of the firsg-produced radiator will sot relieve the contractor of his
‘ebligation to furnish radistors and cores as aspplicable, conforning to this
specification. - o )

6.4 Definitions. For the purpose of this ap&cification. the following
definitions shall spply.

6.45.1 Rated internal pressurs. The rated internal pressure shall be 7 psig
for radiators conforming to M335773-1 through =10,

. 6.4.2 Standard air. Standerd Air shall be sir at & temperature of 70° ¥, &
barometric pressure of. 29,93 inches of mercury, and & density of 0.075 pound per

+ cubic foot. A e BN
. 6.4.,3 Rated &iy velociii; iiha'rataé ili‘vclpcitiee shall ba thoss listed om
sheet 7 of 8357730 ..t .. e TEM o ‘

. 3 . C e ;' PR - ;_,'. Y ‘. :i . : )
6.4.6 Rated coolant flov. -The rated coolant flow shall be the flov listed on
sheet 7 of MS35773, and shall be based on approximately & 10° P drop in coolant
temperatuge in the radiator. ° .~ P - .o

"6.4.5 Heat transfer - heat enngiz abgorbed by sir flow. The heat energy
absorbed by air flow is the product of the air flovw, lpc;i!ic heat of air, aad

air temperature rise. . :

A -

' Hest energy absorbed by air flow ':UCP AT
¥ = air flow ratc; Lra/tiin.
cp = 0.24 Beu/Lba/°F

OT = air tewp vise, °F

'

6.4.6 Hest transfer — the heat rejection from water flow. The hest rejection
from water flow is the product of tha coolant flow, specific heat of coolant and
coolant temperature drops

Heat transfer (hest rejecticn frcm water flow) = WGy AT
W = water flow xateg—ibainingk R
& =1 Btu/Lbm/°F

AT = water tesp drop, °¥

6.4.7 Specific heat st constant pressure of water. The specific heat at
constant pressuve of water shall be baged on the average vater temperature. The
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